The paper presents a study concerning mechanical performance of thermoplastic nanocomposites based on isotactic polypropylene matrix, nanofilled with montmorillonite modified with quaternary ammonium salt and carboxyl functionalized carbon nanotubes, respectively, added in the same concentration relative to the matrix. The nanofilled and single polymer materials were obtained by simple melt compounding through extrusion process followed by injection molding into specific shape specimens for mechanical testing of the samples. Mechanical properties were evaluated by tensile and 3 point bending tests. In terms of modulus of elasticity, the results showed overall positive effects concerning the effect of nanofiller addition to the thermoplastic polymer. The fracture cross section of the tested specimens was characterized by FT-IR spectroscopy and SEM microscopy. 
INTRODUCTION
Polymer nanocomposites have gained interest in the last decades due to the attractive properties of nanostructured fillers, and their ability to enhance the matrix performance when added in low contents (1-5%), improvements comparable to those achieved by conventional loadings (15-40%) of traditional fillers [1] .
This new class of multifunctional materials found applications in a wide variety of fields, from microelectronics to aeronautic and aerospace industry [2] .
Owned to their good balance between properties, low density, corrosion resistance, facile processability and low cost [3, 4] , polyolefins represent one of the most versatile class of polymeric matrices.
Nanofilled isotactic polypropylene (PP) nanocomposites can be obtained through several processing methods, melt mixing, solution casting and in situ polymerization, among them, melt mixing having some major advantages as it combines high speed and simplicity with the absence of solvents and contaminants [5] . Carbon nanotubes and layered silicates represent two of the most promising reinforcement agents, due to their properties that can provide the final composite special characteristics from mechanical, thermal or electrical point of view. Studies show that lower nanofiller contents lead to enhanced mechanical properties [6] [7] [8] [9] .
There are studies that illustrate the achievement of better dispersion and exfoliation degree of PP/modified montmorillonite nanocomposites by extrusion processing vs. melting intercalation [6] .
Overall, literature studies attest significant Young's modulus increase for montmorillonite contents up to 3% by weight, followed by a lower increase trend for contents higher than 4% [6] . Acid modified multiwalled carbon nanotubes disperse well in polypropyelene matrix, presenting a 16 % increase of tensile strength with MWCNT content up to 2 % by weight, while a 17% increase was noticed when adding 4% acid treated MWCNT from 29 MPa for simple PP to 34 MPa for nanofilled PP [7] . Thiebaud [10] investigated mechanical characteristics of PP/MWCNT with 1, 2, 4 and 8% nanotubes content, noticing an increase of Young's modulus and a significant decrease in tensile strength at fracture with content increase.
The study presents the characterization of isotactic polypropylene filled with carboxyl functionalized MWCNT and quaternary ammonium salts modified montmorillonite (Cloisite30B) obtained through the simple melt extrusion technique.
The experimental study aim was to evaluate the mechanical properties of this type of materials obtained through simple melt mixing at certain parameters considered to be optimum for a good homogenization.
The results show an improvement of the tensile and flexural strength and modulus when adding nanofiller. In the case of MWCNT, the nanocomposites presented higher stiffness compared to simple PP and Cloisite 30B based PP. Cloisite 30B improvements are lower than the ones obtained with MWCNT, probably due to the nature of the modifying agents of the montmorillonite that does not favor an optimum dispersion.
EXPERIMENTAL SECTION

Materials
The matrix used for the nanocomposite obtaining was isotactic polypropylene homopolymer (TIPPLEN H 949 purchased from Bastplast SRL) with 45 flow index. The nanofillers were added in 4% by weight relative to the matrix.
The carbon nanotubes used as fillers were multi-wall carbon nanotubes functionalized with carboxylic groups (MWCNT-COOH), purchased from Chengdu Organic Chemicals Co. Ltd having 95% purity, outer diameter of 10-20 nm, 10-30 µm length, 233 m 2 ·g -1 special surface area, and approximately 2.1 g·cm -3 density. The second nanofiller was Cloisite 30B-montmorillonite modified with quaternary ammonium salt (methyl tallow bis-2-hydroxyethyl ammonium chloride), purchased from Southern Clay Products-USA, with a density of 1.98 g·cm -3 and up to 2% moisture content. Cloisite 30B was dried 12 hours at 80°C before processing.
Nanocomposite synthesis
The nanocomposite samples were obtained by direct melt compounding using a twin screw extruder (Leistritz LSM 3034-with a 34 mm diameter screw). The polypropylene (PP) pellets and nanofiller powders were mixed with gradual temperature increase on the ten heating areas of the extruder.
The extrusion was carried out on temperature profile from 150-170°C, using a 250 rpm feed speed rate and 220 rpm screw rotation speed.
Afterwards the filaments were cooled in water bath, chopped and dried at 80°C. The extruded pellets were injection molded to obtain test specimens for the mechanical tests.
Temperatures for injection were between 165-185°C from the feeding area to the injection nozzle. Double screw extruder is more appropriate equipment than the one screw extruder, for the production of nanocomposites based on PP and carbon nanotubes as it is more likely to ensure a better homogenisation and an optimum pathway through the extruder [11, 12] . Optimum screw speed is required for dispersion improvement. Too high speed rates can generate mechanical degradation of the final nanocomposite while too low speed rates could be insufficient for the nanofiller homogenization in the matrix [13] .
Relative to the matrix, both carboxyl carbon nanotubes and modified montmorillonite were added in 4 % by weight content, as higher contents favor agglomeration, and also lead to non-viable materials from economic point of view.
Physicochemical and morphological characterization
The nanocomposites were subjected to spectroscopy analysis using Thermo iN10 MX Mid Infrared FT-IR Microscope and scanning electron microscopy using HITACHI S2600N microscope.
Mechanical Testing
The simple polymer and 4% nanoadditivated specimens were subjected to mechanical tests in order to evaluate their mechanical strength and stiffness in terms of tensile and flexural resistance.
The tests were performed on INSTRON 5982 mechanical test machine, according to SR EN ISO 527-2 for tensile test, using 50 mm·min -1 tensile rate, and 1A type specimens and SR EN ISO 178 for 3-point bending test, using 2 mm·min -1 speed of test, rectangular specimens at nominal span length (depending on sample thickness). For both sets of mechanical tests, a minimum of 5 specimens per sample was used, and the resulting data were calculated using Bluehill 3 software.
Density measurement
The density evaluation was performed using the classical method of the ratio between mass and volume of accurate dimensions samples.
An accurate analytical balance was used for sample mass measuring. The volume was measured using displacement method.
RESULTS AND DISCUSSION
FTIR spectroscopy
Prior to FTIR analysis, the samples were pressed, with the fracture cross-section upwards in order to visualize the peaks characteristic to the bulk nanocomposites composition. The analysis was conducted in ATR (Attenuated Total Reflectance) mode. Fig. 1 In the spectra of Cloisite 30B based nanocomposites, the characteristic peaks of the nanofiller can be observed: streching vibration of -OH from silicatic groups and the presence of water [14] at around 2920, 2850 and 1470 cm -1 , streching vibration of Si-O-Si at around 1050 cm -1 . Bending vibration of Al-OH-Al from montmorillonite at 920 cm -1 [15, 16] is overlaid by -CH 3 stretching and C-H bending vibrations from polypropylene structure [17] . Likewise in the region between 2800-2950 cm -1 , the peaks corresponding to the nanoclay overlay with the intense peaks characterstics to the polymer.
When compared to PP, the differences appear at 1046 cm -1 where Si-O-Si from the Cloisite 30B silicate generates a more intense peak [18] and at 1653 cm -1 value at which the signal intencity increases, fact that is generated by the bending vibration of montmorillonite intermediate layer [19] .
The increase in intensity of the peaks at 1545 și 1740 cm -1 could be due to the eventual oxidation processes that could have occured during materials processing (high temperature during injection stage), that could be assigned to some degradation processes suffered by the matrix. There are studies that discuss the fact that simple Cloisite 30B powder decomposition starts around 174 °C [20] , through degradation of organic groups from the modifying agent (quaternary ammonium salts) [18] .
In the spectra of MWCNT based nanocomposites, there are some differences in 1000-1100 and 1500-1750 cm -1 domains probably due to the interaction of the matrix with the carbon nanotubes [21] .
In the region 1000-1100 cm -1 the signals become more intense compared to the pure PP, probably due to the presence of functionalized MWCNT [22] , the intensity increase of 1078 cm -1 peak resulting from stretching vibration of C-O [23] .
The weak peak at approximately 1738 cm -1 can be due to the stretching vibration of C=O from COOH group [23] , while modifications at 1550 cm -1 , may be connected to the presence of functionalized nanotubes [24] .
SEM Analysis
SEM microscopy analysis were performed in the fracture cross-section of the materials, so that the nanofiller presence could be evidenced, as the cross-section is strongly influenced by the nature of nanofiller, presenting visible edges and cracks prior to the tensile test fracture.
At 500 X magnification level a good dispersion of the MWCNT can be noticed, as well as the fracture initiation sites. The non-uniformities observed in the Cloisite30B based sample could be one of the reasons for slightly lower mechanical properties improvements for these samples compared to the MWCNT ones. 
Mechanical testing Tensile test
Tensile test results highlighted the differences in tensile strength and Young's modulus induced by each of the two types of nanofillers added in the same concentration to the matrix. The test was performed according to SR EN ISO 527-2 standard specifications [25] , for tough materials without yield point class. Tensile strength is calculated as maximum tensile stress sustained by the specimen during the test (tensile stress at tensile strength). To obtain Young's modulus, the software calculated the slope of each stress-strain curve, using two specified strain values, according to standard [25] . For each sample, the values outside the mean domain were eliminated. Fig. 3 presents the stress-strain curves of the replicas of the mediated specimens corresponding to each sample. In the case of MWCNT-COOH, the addition of nanofiller does not induce significant changes in tensile strain (elongation during tensile testing) while the addition of Cloisite30B increases the tensile strain value up to approximately 10%. This means that the Cloisite30B based PP sample can experience a larger amount of strain before failure during tensile testing, proving that adding Cloisite 30B results in a more ductile material. This observation is in accordance with the slightly lower strength and modulus compared to PP/MWCNT (Table 1) , as elongation is inversely proportional to tensile strength, and modulus. As PP/MWCNT showed higher strength and modulus, it obviously elongated less under stress.
Flexural test
As polypropylene is known to be a flexible material, 3-point bending test was carried out until conventional deflection (calculated as 1.5 of the specimen thickness), and not until break. Flexural strength is represented by flexural stress at conventional deflection [26] . It is worth mentioning that the flexural modulus represents an approximate value of the Young's modulus of elasticity. Mechanical tests results summarized in Table 1 , show that the nanocomposites presented superior characteristics compared to the base PP, the increase was more significant regarding tensile behaviour, especially Young's modulus, while maintaining a low density. The nanofilled PP materials maintained their low density characteristic to this polymer, presenting an insignificant increase, less than 8% for the MWCNT and less than 4 % increase for the Cloisite 30B nanocomposite, compared to the simple PP. Nevertheless, the mechanical properties showed improvements.
Adding 4% by weight MWCNT-COOH generated an increase in tensile modulus of approximately 20% compared to the simple PP, while adding 4% Cloisite 30B presented 12% larger value compared to PP. In terms of flexural modulus, the MWCNT nanocomposite presented an increase by 10%, while Cloisite 30B presented an average value increased by 5% compared to PP.
These results could be determined by a high degree of dispersion of the nanofiller in the matrix and prove that adding MWCNT-COOH lead to stiffer materials, as tensile modulus is a measure of a material's stiffness (rigidity) [27] .
The fact that the addition of Cloisite 30B did not induce significant improvements in terms of mechanical properties could be due to the fact that montmorillonite needs a higher enthalpy to overcome entropic disadvantages.
Optimum enthalpy is obtained when the polymer-montmorillonite interactions are stronger than between modifying agent-montmorillonite. For most polar polymers, common modifying agents as alkyl ammonium salts are efficient, but for non-polar PP the modifying agent has to have the same non-polar aliphatic nature as PP, the enthalpy value being too low for a good dispersion [6] . The increase values for tensile and flexural strength were in the range of 3-6% in both nanofilled composites.
This fact could be due to the eventual, filler-filler agglomerates that are likely to act as stress-concentrating sites [28] .
Melt extrusion uses mechanical dispersion, which could be insufficient to uniformly disperse the nanosized particles, even at optimum parameters. The nanometric dimensioned fillers generally require dispersion in polymers using ultrasonication.
However, this method can be applied using dissolution of the matrix in an adequate solvent, technique that has some major disadvantages compared to the simple melt technique, as the nature of PP makes it insoluble in most of organic solvents, leading to difficult processing, and most importantly it requires large solvent quantities that lead to economically and environmentally non-profitable processing.
CONCLUSIONS
The study presents the mechanical characterization of isotactic polypropylene filled with carboxyl functionalized MWCNT and quaternary ammonium salts modified montmorillonite (Cloisite 30B) prepared through the simple and quick way of melt extrusion technique. The results show an improvement of the mechanical strength and modulus, especially regarding Young's modulus of elasticity that showed up to 20% higher value for carbon nanotubes based PP. The nanocomposites maintained their low density advantages showing a minor increase when adding 4% nanofiller.
This observation along with the mechanical improvements shows that this kind of materials could have potential as light and strong solutions for applications in fields where mechanical strength and stiffness are required.
The experimental research will continue focusing on achieving a chemical interaction between the matrix and the nanofillers, to increase matrix-filler adhesion through improved chemical compatibilization by grafting the polypropylene with different agents such as maleic anhydride or methylstirene [6] . This fact can lead to nanocomposites with even higher mechanical properties.
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